Nuclear magnetic resonance studies on calmodulin: calcium-induced conformational change.
The 400-MHz 1H nuclear magnetic resonance (NMR) studies were carried out on the Ca2+-induced conformational change of calmodulins (CaM's) isolated from scallop testis and pig brain. The resonances were found to be classified approximately into three groups. The resonances of group I, which are perturbed by the binding of Ca2+ to the high-affinity sites, include those of tyrosine-138, epsilon-trimethyllysine-115, histidine-107, tyrosine-99, etc. The previous assignments for tyrosine- (Tyr) 138 [Seamon, K. B. (1980) Biochemistry 19, 207] were corrected. The resonances of group II, which are affected by the binding of Ca2+ to the low-affinity sites, include those of a phenylalanine (Phe), a high field shifted methyl, and a low field shifted alpha-methine. Group III (related to the binding of Ca2+ to both the high-and low-affinity sites) includes the resonances of a Phe, a high field shifted methyl, and threonine-143. It is concluded that sites III and IV are the high-affinity sites. The off-rate of Ca2+ from the high-affinity sites is slower than 50 s-1 while the off-rate from the low-affinity sites is faster than 600 s-1. In the Ca2+-free state, there exists a hydrophobic region containing three phenylalanine (probably Phe-89, Phe-92, and Phe-141), a valine, and an isoleucine in the vicinity of sites III and IV. Tyr-138 is distant from these amino acids. Upon binding of Ca2+ to the high-affinity sites, one of the Phe residues and the valine approach Tyr-138. Similar structural changes were observed between CaM and troponin C when Ca2+ ions are bound to the high-affinity sites. CaM changes in a somewhat different way from troponin C when Ca2+ ions are bound to the low-affinity sites.